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^eentive^nn^a^v 

This report presents the lindingsofvarious ecological studies conducted hy dominion 

biologists in 2014on Lake Anna (lake^the^astelTeatTreatmentFacility(^lTTF^ 

North Anna ̂ .iver downstream ofthe dam. The studies were conducted in accordance witn the 

2014study plan that was approved by the L^epa^ 

Virginia department ofCame and Inland Fisheries (OC1F). The2014studieswereperlorrnedto 

address the requirements ofthe NPOLS permit f^r North Anna Fower Station and continued 

support the316(a^ demonstration tor the station. 

North Anna Fower Station operated at an average of99.7^f^rL^nitland 92.0^ for Llnit 

2 ofnet megawatt generation capacity in 2014. For approximately^days^nitlwas shut down 

from December 23^2014intotanuaryL2015.L^nit2was shut down f^rapproximatelylday on 

February2^ and f^rapproximately33 days f^omSeptember7tl^roughOctober9^2014. 

The maximum hourly water temperature recorded in 2014was 3 7 . i n t^ly^t station 

NAOlSCLlocatedin the ^FITF and the minimum wasl .^Cint^^y^ts ta t ionNAL20 

located in the lake. The maximum and minimum hourly temperatures recorded in the^VFlTF 

and lake are within the range of previously reported (years: 19^L2013^maximum and minimum 

temperatures. In addition to hourly temperature monitoring^ standard physicochemical 

measurements(water temperature, dissolved oxygens pFl̂  and conductivity^were recorded at the 

time ofbiological sampling and were within the values to supportahealthy fishery. 

In tbe quarterly lake gill net samples^biteFercb^Tbreadf^nSbad^ Channel Catfish and 

Striped Bass hadacateh per unit eff^rt^ 

CFL1L average. Ci^ard Shad CFL^L lor 2014wasbigber than tbe historical average but the 
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difference was not significant. In tbe r^ 

Shad̂  and ^hite Perch hadaCPtJE that was signilicantly higher than the historical average. 

Striped Bass CPl̂ E was higher than tbe historical average but the difference was not significant. 

Largemoutb Bass hadaCPl^E that was significantly lower than the historical average.^Vhite 

Percb^Threadf̂ nShad^ Channel Catf̂ sh^ Striped Bass^Ci^ard Shad and Targemouth Bass bave 

commonly ranked high in tbe gill net catches in the lake and ̂ VflTF. 

In 2014̂  Centra^chids^sunf^shes^continuetobe the numerically dominant lishtaxa 

collected by quarterly electrof^shing surveys in tbe lake and ^l^TF. In tbe lake^Th^ead^ 

and CreenSun^sbhada2014CPl^E tbat was significantly higher than tbe!9^1-2013 average 

andRedbreastSunlisb^sCPLJEwas significantly lower than tbe historical average. The 

differences between Bluegill and RedearSunfish and their historical averages were not 

significant. In the ^^TF^CreenSunfish^RedearSunfish^Targemoutb Bass and Channel 

Catfish hadaCPl^E tbat was significantly higher than the!9^1-2013 averages Bluegillbada 

catch rate that was not significantly different than tbe bistorical average. Overalls 2014gill 

netting and boat electrofishing results demonstrateabalanced^ indigenous fish community exists 

in the lake and ^VflTF^and that pbysicocbemical parameters were within the ranges to supporta 

healthy fishery. 

As for tbe North Anna River below the dam^ tbe maximum recorded temperature at 

station NAR-lin2014was31.9^C in tuly.North Anna River electrofisbing surveys typically 

occur three timesayear^ in tVlay(surveyl^t^ly^^^^^andSeptember(survey^a 

electric seine and backpack electrof^sbing.Tbe^vlayelectrofishing samples were not conducted 

in 2014due to rainfalls bigh water and unsafe river conditions.TbeCPl^Ef^rtbe electric seine 

on surveys2and3in2014were 233.5^andl64 respectively. CPl̂ E for both electric seine 
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surveys in 2014 were significantly higher than m^ 

the backpack on surveys2and3in2014were 14.3 and21.^ respectively. CPfJE for both 

backpack surveys in 2014were significantly lower than tbe 1990-2013historical means. 

Electrof^shingCPl^E in tbe North Anna River is highly variable. Although 2014 

electrof^shingCPl^E was higher on some surveys and lower on otherŝ  species richness ha^ 

remained high in the North Anna River samples which are indicative ofadiverse fish 

community. 

Young ofyear(YOY)Smallmouth Bass sampling and otolith aging were conducted in 

2014to investigate Smallmouth Bass spawnings recruitment and to examine tbe influenceofthe 

North Anna River How and water temperature on spawning duration. Smallmouth Bass were 

collected usinga^odiacelectrofisber comprised ofalvlark 11 zodiac boat outfitted withaSmitb-

RootType Vl-A control box̂  single boom umbrella array anda5000^flonda generator. 

Filty-nine^^YOYSmallmouth Bass were collected in 2014and age data derived 

from them were compared to tbe dataset from 200^-2013. Seventy-eight percent ( 7 ^ ^ of the 

YOY that were collected in 2014were spawned when river flows were less than or eû ual to 400 

cfs. Although river f̂ ows differed among all four yearŝ  the majority ofthe spawning occurred 

when flows were maintained atafairly consistent level at or below 400 cfsduringthe spawning 

season 

Biological systems are bigbly complex and are influenced by many environmental 

factors. It is difficult to determine exact causes ofebanges seen in sampling results especially 

since tbere are many natural shifts in reproductions growths survival and distributions of aquatic 

organisms. Overalls tbe 2014data(speciesricbness^water duality and relative abundance of 

fishes^indicate that the lake^^l^TF and river downstream of tbe lake continue to supporta 
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diversê  bealthy^and balanced fisheries community. 

River water temperas 

on spawning success in tbe North Anna River.Tbe accumulation ofheating degree days^degree 

days^greatertbanlO^C was examined in relation to the beginning ofthe SmallmouthBas^ 

spawning seasons in 200^-2014. Smallmouth Bass spawning is known to begin ^wben water 

temperatures exceed 15̂ C and degree-days greater than!0^Cexceed350^(Tringali 2015 .̂ On 

the North Anna Rivera the data shows spawning also beginning in each year when water 

temperatures exceeded 15̂ Ĉ  but four out of six years showed spawning occurring witb degree-

days less tban350 with an overall average of2^3.2 degree-days. Since Smallmouth Bass are 

known to inbabit both lakes and streams and have northern and southern populations^ tbe350 

degree-days is general to the species and may not represent specific populations. 

In addition to theYOYanalysis^ data f^r adult and^uvenileSmallmouth Bass caugbt on 

10/16/2014during tbe fall population sample at NAR-5were analysed. In 2014̂  4^ bass were 

collected atarateof25.4Hsh per hour of electrofishing.^ben plotted tbe Smallmoutb Bass 

lengths were normally distributed.Fif^ypercent(50^ ofthe bass fell into tbe!75-225 and the 

225-275mm length classes withacombined catch rate of!2.7fish per hour. YOYSmallmoutb 

Bass fell into tbe 25-75 and 75-125 length classes and hadacombined catch rate of7.9 fisb per 

hour. Smallmoutb Bass in thel25-175 length class is missing from the catch in 2014.Tbis 

missing group is comprised of agelbass. Tbis year class would have been represented by tbe 

YOYcatcb in 2013 (2.l^and validates tbe effectiveness of the population surveys to providea 

relative abundance ofthe different sî e classes ofSmallmoutb Bass.Boat electrofishing surveys 

will be continued and are intended to provide annual catch rates to gage year class strength. As 

the dataset expands through annual surveys^we should begin to better understand what factors 

^ 



may be affecting the spawn and recruitment of Smallmouth Bass in the North Anna River. 
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ln!9^2, tbe North Anna River was impounded to create Lake Anna,a3885 hectare 
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(9600 acres^reservoir(lake^tbat provides condenser cooling water f^r tbe North Arma Power 

Station (NAPS). Adjacent to Lake Anna isal3^6hectare(3400acre^)^asteLleatLreatment 

Facility (^ITTF^ that receives the cooling water and transfers excess heat f̂ om^m^ 

atmosphere before discharging into the lake. 

Aquatic monitoring studies have been conducted on Lake Anna, tbe ^VLILL and the North 

Anna River below the dam since their inception. In fanuary,1984, the Company initiated an 

extensive Section316(a^ demonstration study (P.L.95-500^ to determine i f proposed effluent 

limitations on thermal discharges from the power station were more stringent than necessary to 

assure tbe protection and propagation ofabalanced, indigenous con^unityofshellfish,fisb and 

wildlife in Lake Anna and the lower North Anna River. Lhe final report (VirginiaPower316(a^) 

Report 1986) successfully demonstrated that the operation ofthe power station had not resulted 

in appreciable harm to the biological community. LheVirginia^Vater Control Board (V^VCB^ 

accepted the study asasuccessful demonstration in September,1986. 

Subsequent to the316(a)study,tbe Company committed to continue selected 

environmental studies on Lake Anna,^LfTF and tbe lower North Anna River as part ofapost-

316(a )̂agreement. A new VPOLS permit for NAPS (permitVA0052451^was issued in Ivlay of 

2014. In accordance with,^SectionL,Post316(a)monitoring^,aOepartmentofLnvirormiental 

Quality (OLQ^ approved monitoring plan was created and implemented in 2014whicb is based 

on historical studies.Areport summarising data from each year is prepared and submitted to the 

Virginia department ofLnvironm 

Inland Lisberies(OClF^). Tbis report presents tbe findings for calendar year 2014. 

.̂0 nation deration 

t2 



North Anna Power Station operated at a factor of 99.7% for Unit 1 and 92.0% for Unit 2 

of net megawatt generation capacity in 2014. Unit 1 was shut down for approximately 8 days in 

2014 from December 23 through the end of the year and into January 1, 2015. Unit 2 was shut 

down for approximately 1 day on February 2, and for approximately 33 days from September 7 

through October 9, 2014 (Figures 1 and 2). 

Figure 1 2014 North Anna Unit 1 Daily Power Level 
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3.0 Lake Anna 

3.1 Temperature 

Methods 

Lake, WHTF, and North Anna River water temperature data were collected using 

continuous monitors (fixed temperature recorders) and instantaneous temperature field surveys. 

Continuous temperature was measured with Solinst Levelogger (±0.1 °C) temperature recorders 

which measured and recorded the water temperature at one hour intervals. Temperature 

recorders were placed at a depth of one meter at seven stations in the lake, three stations in the 

WHTF and one station in the river (Figure 3). The instrument at NALST10 was located at a 

depth of three meters to account for the turbulence associated with water discharges from the 

WHTF to the lake. 
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Figure 3 Approximate location of temperature recorders in Lake Anna, WHTF 
and the North Anna River 

-created by G/S Sarvicas 

Instantaneous temperature was measured using a Hydrolab MS5 data sonde (+ 0.1 °C). 

Instantaneous temperature was measured at one meter intervals, from the surface to the bottom, 

at each of 14 stations in Lake Anna (Figure 4). 

Figure 4 Approximate location of thermal plume sampling stations on Lake Anna 

i":f*\»fiVJ by &>S Sivv.tvs 
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Results and Discussion 

) 

The maximum hourly temperature recorded in the WHTF in 2014 by continuous 

monitors was 37.6°C in July at station NADISC1 which is located at the end of the discharge 

canal (Table 1). The minimum hourly temperature recorded in the WHTF in 2014 was 8.2°C in 

January at Station NAWHTF3 which is located near the dike in the third lagoon. The maximum 

and minimum temperatures in the WHTF for 2014 are in the range of previously reported 

maximum and minimum temperatures for the WHTF. 

The maximum hourly temperature recorded in the lake in 2014 by continuous 

temperature monitors was 31.6°C in July at station NAL719ST. The minimum hourly 

temperature recorded in the lake in 2014 was 1.9°C in January at NAL208T. Temperatures 

recorded in the lake, WHTF and river were within the range of previously reported maximum 

and minimum lake temperatures. 

Table 1 Summary of fixed temperature recorder data during 2014 (January -May). All results are 
calculated from hourly temperatures (C). 

January 
' NAI.719ST NAI.719NT NAI.208T NALINT, N'Al.THlST NALBRPTT NAIiSTIO 'NAD1SC1' N A WHTF: NAWHTF3 NARIV601 

; Max Temp 6.1 5.9 7.5 8.4 9.1 11.0 11.8 21.7 16.7 13.7 10.9 

: Mean Temp 3.9 3.8 4.8 6.1 6.7 *6 9.7 19.6 13.8 . 11.2 8.1 

iJIMinffanpS 2.8 2.5 1.9 3.1 3.; 5.6 7.0 17.0 10.7 8.2 5.5 

Hours 744 744 744 744 744 744 744 744 743 744 743 

February 

NA1.719ST NA1.719NT NA1.208T NALINT NA1.TI1IST NAI.HRPIT NALSTl'O NADISC1 NAWHTF2 NAWHIVJ NAR1V601 
1 Max.Temp 6.6 6.6 6.2 6.8 7.8 9.9 10.7 20.5 16.4 13.3 9.4 

Mean Temp 4.2 4.2 3.6 5.0 5.7 7.7 8.8 18.3 13.1 10.7 7.3 

Mm Temp 2.7 2.5 2.1 3.5 4.5 6.3 6.9 • 12.8 10.4 8.7 5.7 

' Hours 672. 672 672 672 672 672 672 672 672 672 672 
March 

j s a 
' Mean Temp 

NAL719ST 

SU3 

NAL719NT 
9.6 

NAL208T 
9.1 

NALINT 

9.6 " 

NALTHISTj 
~10.4~ 

NALBRPJT 

1)9 
NALST10 

13.1 ~ 
NAD1SC1 
~22.4 

NAWHTF2j 
18.4 

NAWHTF3 
i;3 

NARIV601 
11.6 j s a 

' Mean Temp 7.0 6.9 6.7 7.6 8.2 10.0 10.8 20.5 15.2 12.9 9.6 

' Mm Temp ) 4.7 4.6 4.4 5.8 6.1 8.0 8.9 18.9 11.8 10.5 7.4 

i Hours ! 744 744 744 744 744 744 744 744 744 744 744 

April 

' Max Temp 

. Mean Tempi 

NAL7J9ST 

r«i 
NAL719NT 

18.5 
NAL208T 
" fg.4 * 

NALINT 

* 17 J " 
NALTH1ST 

" 18% 
NALBRPTT 

19*0 

NALSTIO 

is.r 
NADISC1 

26.4' 

NAWHJF2 
24.5* 

NAWHTF3 
22.9 

NARIV601 

18.9° ' Max Temp 

. Mean Tempi 15.1 15.1 14.6 14.7 15.0 15.5 15.6 24.7 21.2 19.6 15.3 

Mm Temp ,; 9.0 9.0 8.2 8.9 9.5 11.5 12.4 22.0 16.5 15.3 11.3 

i Hours 719 719 719 719 719 717 719 719 718 719 719 i Hours 

May 

: Max Temp 

Mean Temp 
- - — • 

Mm Temp 

JiAL719ST 

26.9"^ 

NAL719NT 

l i s " ' 
NAL208T 

" 271 " 
NALINT 

27%" 
NALTHIST 
" 27.1 

NALBRPTT 

""'IwT' 
NALSTJO 
" 253 

NADISC1 
"121 " 

NAWJTF2 

"au""" 
NAWHTF3, 

io.r 
NAR1V60I 
" "26.6 : Max Temp 

Mean Temp 
- - — • 

Mm Temp 
21.7 22.1 22.1 21.7 22.0 22.0 21.5 29.1 26.9 25.6 21.6 

: Max Temp 

Mean Temp 
- - — • 

Mm Temp 12.2 12.3 15.6 15.5 16.2 17.0 17.9 24.5 22.2 20.5 16.0 

I Hours 744 744 744 744 744 744 744 744 744 744 744 I Hours 



Table 2 Summary of fixed temperature recorder data during 2014 (June-December). All results are 
calculated from hourly temperatures (C). 

June 

' NAI.719ST NAL719NT NAL2081 NALIN1" NALIIIISF NAI BRPTT NALST10 NAD1SC1 NAWHTF2 NAWHTF3 NARIV601 

Max Temp 1 30.8 31.1 30.8 30.5 30.6 30.4 ~29~8 ' 37.5* 35.1 3 3 . 9 * 31.1 

Mean Temp > 27.8 27.8 27.7 27.4 27.7 27.6 27.2 34.9 32.4 31.1 27.5 

Mm Temp 23.5 23.8 23.6 23.4 23.6 24.0 23.7 . 31.5 28.4 27.7 23.5 
Hours 720 720 720 720 720 720 720 720 720 720 720 

July 

I NAI.719ST.NAI.7I9NT NAL208T NALINT NAI.TIIIST NALBRPTP NALST10 NADISC1 NAWHTF2 NAWI1TF3 NAR1V60I 

Max letup 31.6 31.4 31.3 30.3 30.9 31.0 30.4 37.6 35.8 33.8 31.9 

Mean Temp 28 8 28.9 28.9 28.7 29.1 29.6 29.8 36.8 33.9 32.3 29.1 

Mm Temp 27.0 27.1 27.5 27.5 27.9 28.6 29.0 35.7 32.2 31.0 25,5 

Hours 744 744. 744 744 744 744 744 744 744 744 744 

August 
{ NAL7I9ST NAL719NT, NAI208T' NALINT NALTHIS I ' . NALBRPTT; NALST10 NADISCI NAWI1TF2, NAWHIT3 NAR1V601 

Max Temp 29.2 29.2 29.8 30.5 30.4 31.1 29.9 37.0" 34.9 32.9 30.9 
Mean Temp . 27.5 27.5 28.1 28.1 28.5 29.1 29.4 36.1 • 33.1 31.6 28.4 

Min lemp 26.4 26.5 27.1 27.2 27.6 28.5 28.8 35.5 31.8 30.7 .26.3 
1 Hours 744 744 744 744 744 744 744 744 744 744 744 

September 

| NAL719ST NAL719N T NAL208'! NAIJNT NALTMIST" NALBRP1T" NA15T10'NADISC1 NAWHTF2; NAWHTF3 NARIV601 

I Max Temp 1 30.2 30.4 30.3 30.0 30.3 30.7 30.4 37.5 35.3 33.3 30.8 
Mean I'cmp 25.9 25.8 26.3 26.4 26.6 27.0 27.2 34.1 30.1 28.6 25.9 
Mm Temp ! 22.3 22.3 23.2 23.3 23.6 23.9 24.1 31.2 26.2 24.5 21.8 

Hours 720 720 720 720 720 720 720 720 720 720 720 

October 

NAL719ST NAL719NT NAL208T:NALINT NALTII1ST. NALBRPTT- NALST10 NADISCI NAWHTF2 NAWHfF3?NARIV601 

Max Temp 23.6 ' 23.6 23.9 24.3 24.1 25.0 24.4 31.5 28.1 26.6 24.8-
Mean Temp ' 19.7 19.7 20.5 20.8 21.1 22.0 22.5 28.7 25.3 23.5 21.1 

Mm Temp , 16.4 16.6 17.9 18.5 18.9 20.2 20.7 26.7 23.1 22.1 17.8 

Hours 744 744 744 744 744 744 744 744 744 744 744 

November 

NAL719ST.'NAL7I9NT NAL208'! .NALINT NALTIIIST. NALBRPTT• NAI ST10 NAD1SCI NAWHIT2 NAWHTF3 NARIV601 

Max Temp 16.4 16.7 18.0 18.5 18.9 20.2 21.0 27.2 23.7 22.0 18.9 
Mean Temp ! 11.8 11.9 13.7 14.3 14.7 16.0 16.8 24.6 20.2 17.8 14.8 
Min Temp 8.2 8.4 10.2 10.8 11.2 12.3 13.6 20.9 16.6 14.6 11.3 

Hours 720 720 720 720 720 720 720 720 720 720 720 

December 

Max lemp 

NAI.7I9ST NAL719NT- NAI.208'1 .NAL1N 1 NALT1IIST NAIJBRP l ' I NALST10 NADISC1 NAWIITF2. NAWIITF3 NARJV601 

Max lemp 9.4 9.9 11.3 11.5 12.1 13.6 14.2 24.7 20.6 16.2 13.9 ' 
Mean Temp 7.0 7.2 8.8 9.5 10.0 11.5 . 12.3 21.8 16.2 14.3 10.8 

• Min lemp : 5.7 5.9 7.4 8.4 8.6 10.2 10.9 17.2 12.8 12.1 8.9 
Hours ! 743 743 744 744 744 744 743 744 743 744 743 

The instantaneous temperature surveys were conducted in March, May, September, and 

November to provide temperature data to assess seasonal thermal stratification patterns in the 

lake (Table 3). Results of the March survey show a maximum temperature decrease of 2.3°C 

from surface to bottom with very little stratification. The May survey shows a thermocline (a 

layer within a body of water where the temperature changes rapidly with depth) forming at the 

10 to 11 meter depths at Station A up lake to Station F. Beyond that point, in the middle and 

upper lake, a thermocline was less pronounced as indicated by more gradual changes in 



temperatures from surface to bottom. The September survey shows very minimal temperature 

change with depth, while the November survey shows a slight decrease in temperature with 

decreasing depth. 

Table 3 Lake Anna water temperatures for the instantaneous temperature surveys (March and May) measured (C) at one 
meter intervals 

Depth A B C D E F G H 1 J K L M N 
0 21.6 - 2 3 5 -WW* 21.7 22.2 21.5 ^ 3 % -

mm 
21.7 mum ( 21.6 

1 21.0 20.9 20.0 20.3 19.7 21.0 21.2 20.5 20.7 20.7 21.4 19.8 19.7 20.3 
2 20.6 20.4 19.9 19.7 19.6 20.4 20.3 19.9 20.0 20.1 20.1 19.2 18.8 19.5 
3 20.4 20.2 19.7 19.6 19.5 20.1 20.3 19.4 19.6 20.0 19.8 18.8 17.9 17.3 
4 20.3 20.0 19.6 19.4 19.4 19.9 20.0 19.4 19.2 19.7 18.5 17.2 16.9 16.5 
5 20.2 18.9 19.5 19.4 19.4 19.8 19.8 18.8 19.1 19.6 18.4 16.7 16.3 16.0 
6 19.9 17.5 19.5 19.3 19.3 19.6 19.7 18.4 18.8 18.9 16.5 16.4 14.9 15.5 
7 19.4 17.1 19.2 19.2 19.1 19.3 18.1 17.7 17.4 17.5 16.3 16.0 vim, ; 15.6 
8 18.9 16.5 19.1 19.1 19.0 18.4 17.1 17.2 16.9 16.8 15.8 wi.f 
9 18.4 16.1 18.9 18.3 18.1 17.6 16.5 16.6 16.8 15.6 14.4 
10 18.1 15.7 17.7 16.7 17.2 16.5 16.3 16.0 15.8 15.1 14.1 
11 16.1 15.5 16.3 16.3 16.3 15.9 16.0 14.7 14.5 146 13.7 
12 15.7 15.1 15.9 15.6 15.7 15.4 15.6 14.6 14.3 14,4 13.5 
13 15.3 15.0 15.8 15.3 15.2 15.2 15.3 14.3 14.2 14.2 " ii"r 
14 14.9 15.0 15.7 15.0 15.0 14.9 15.1 14.2 14.2 -
15 14.7 15.0 15.5 14.9 14.9 14.7 14.4 14.1 14.1 
16 14.6 15.0 14.8 14.7 14.8 14.6 14.4 
17 14 J 14.7 14.6 14.7 14.6 14.3 
18 13.7 14.6 14.3 14.5 14.6 14.3 Warm Cool 
19 13.6 14.3 13.7 14.6 14.3 mm 
20 13.8 14.6 



Table 4 Lake Anna water temperatures from the instantaneous temperature surveys (September and November) measured 
in (C) one meter intervals 

9/10/2014 Depth A B c D E F G H 1 J K L M N 

0 28 5 ^ ^ 2 8 7 ^ , 2 8 51 

' 28 5 C & 2 8 # % < 2 ° 5 j 

2 8 2 28 1 27.7 27.6 27.5 27.4 27.3 27.3 .27.0 27.1 27.0 
1 

28 5 ^ ^ 2 8 7 ^ , 2 8 51 

' 28 5 C & 2 8 # % < 2 ° 5 j 28 2 28 1 27.7 27.6 27.5 27.3 27.3 27.3 27.0 27.0 26.7 

s 
2 :ss ' 2 8 6 . . 

, 28 '6 , 
:s i 28 1 28 1 27.7 27.5 27.4 27.3 27.3 27.2 26.9 26.9 26.7 

3 28 5 % / 

' 2 8 6 . . 

, 28 '6 , 28 3 28.0 28.0 27.6 27.5 27.4 27.3 27.3 27.2 26.9 26.9 26.6 

e 4 

28 5 % / 

:x ^ 28 2 28.0 28.0 27.6 27.5 27.4 27.3 27.3 27.2 26.9 26.9 26.5 
5 

28 5 % / 

:s: 28 2 27.9 28.0 27.6 27.5 27.3 27.3 27.3 27.2 26.9 26.8 26.3 

n 6 2 8 5 % 28 1 28.0 27.8 27.9 27.6 27.5 27.3 27.3 27.3 27.1 26.9 26.8 26.1 

r 7 :s.? 28 1 28 Q 27.8 27.8 27.6 27.5 27.3 27.3 27.3 27.1 26.9 26.8 26.0 

f 8 28 2*' 27.8 28.0 27.8 27.8 27.6 27.4 27.3 27.3 27.3 27.0 26.9 26.8 
i 9 27.9 27.5 27.8 27.8 27.7 27.6 27.4 27.2 27.3 27.2 27.0 26.8 

e 10 ' 27.7 27.5 27.6 27.7 "27.7 27.5 27.4 27.2 27.2 27.2 27.0 26.8 e 11 • 27.6 26.9 27.3 27.5 27.7 27.4 27.4 27.2 27.2 27.1 26.9 

m 12 26.9 26.8 27.2 27.4 27.3 27.1 27.3 27.1 27.0 26.9 26.8 m 13 26.9 26.6 26.5 27.1 27.2 26.9 27.2 27.0 27.0 26.4 26.4 

• 
14 26.7 26.6 26.4 26.8 26.6 26.6 27.1 26.7 26.4 26.1 

b 15 26.5 26.6 26.2 26.4 26.4 26.4 26.5 26.5 25.9 

16 26.5 26.6 25.5 26.3 26.3 26.1 26.0 25.8 

e 17 

18 

26.1 

25.4 

23 6 

%r4*i 
26.1 

25.9 

. 26.0 

26.1 

26.0 

25.8 

25.8 

25.8 Warm 

#8B 
Cool 

r 19 

20 

23 5 

SGoBB 

23 6 

%r4*i 
24.7 25.6 

' ' 2 1 4 ! 4 

25.7 B i l l #8B 

11/12/2014 

N 
o 
v 
e 
m 
b 
G 

r 

Depth A B C D E F G H 1 J K L M N 

0 18.7 18.6 18.5 18.5 18.5 18.3 18.0 17.8 17.4 17.3 16.6 15 2 14 8 14 9 

1 18.7 18.6 18.5 18.5 18.5 18.3 17.9 17.8 17.4 17.3 16.5 152 14 7 14 9 

2 18.5 18.4 18.5 18.3 18.3 18.0 17.9 17.1 17.3 17.2 15.8 15 2 14 1 I f 

3 18.5 18.4 18.3 . 17.9 18.1 18.0 17.7 17.1 17.3 16.7 15.8 15 1 *• 13 7 
4 18.3 18.2 17.8 17.7 17.7 18.0 17.7 16.5 17.3 16.7 15.5 1 1 5 4 % 
5 18.3 18.1 17.3 17.3 17.3 17.9 17.7 16.1 17.3 166 14 9 i n M^aB^gW^ 

* / ' 1 ^ 7 ^ ^ ? 2 % 6 18.3 17.8 17.2 17.1 17.2 17.9 17.5 16.0 16.1 16.2 1 1 -< 112 
M^aB^gW^ 
* / ' 1 ^ 7 ^ ^ ? 2 % 

7 18.3 17.6 17.1 17.1 17.1 17.5 17.5 15.9 15.9 15.9 11 1 13 91,-# 1 2 7 , ^ 2 ^ 
8 

9 

17.9 

17.2 

17.6 

17.4 

17.0 

17.0 

17.0 

17.0 

17.1 

17.0 

17.1 

17.0 

17.4 

16.9 

15.8 

15.7 

15.9 

15.9 

152 

15.1 

11 1 

11 2 Emaa 
10 17.0 17.5 17.0 17.0 17.0 16.8 16.5 15.7 15.9 14 9 11 2 

11 16.9 17.4 16.9 17.0 17.0 16.4 16.5 15 5 15 5 14 8 11 1 

12 16.9 17.5 16.9 17.0 17.0 16.3 16.5 15.3 14 9 1 1 A 142 

13 16.9 17.5 16.9 16.9 - 16.8 16.0 16.1 15.2 14 8 14 (. 1 1 2 

14 16.9 17.5 16.9 16.7 16.7 16.0 15.7 15 0 14 6 

15 16.9 17.5 16.9 16.7 16.7 15.9 15.7 15 0 

16 16.9 17.5 16.9 16.6 16.7 15.7 15.8 

17 16.9 16.8 16.6 16.7 15.7 15.7 

18 16.9 16.8 16.6 16.7 15.7 15 5 

19 

20 

16.9 

16.9 

16.7 16.6 15.7 

15.7 

Warm 

# g ;I 
Cool 

' __y 
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methods 

The monitoring of fish abundance and species composition lor Lake Anna and the WHTF 

continued in 2014using the same sampling methodsas previous years, gill netting and boat 

electrofishing. Cill netting was used to capture fishes which normally inhabit the deeper strata of 

the lake, or exhibitamovement to and fiom the shoreline withina24^hour period. Similar to 

previous years, gill net surveys lor 2014were conducted seasonally (March, May,August, and 

November) at each of six stations (Figured). Cill nets were set near littoral (near the shoreline) 

dropDoff areas and lefi overnight. Standard physicochemical measurements including surface 

water temperature (^C), dissolved oxygen(mg^l),prl and conductivity(uS^cm)were recorded at 

the timeof each sample collection. Fish collected by gill netting were returned to tbe laboratory 

lor processing. Length(mm)and weight (g) were recorded for each fish.The fish lor each 

sample were sorted by species and enumerated. Catch per unit eflbrt(CFUL) was calculated as 

the number of fish per net night. CFUL lor 2014was compared to historical average CFUL 

usingaone sample latest witha9^% confidence interval(Cl). 

Figure 5 Location of gill netting stations on Lake Anna and WHTF 
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Results and Discussion 

Standard physicochemical measurements recorded during gill net surveys are shown in 

Table 5. The data demonstrate expected seasonal changes in temperature and dissolved oxygen, 

while conductivity and pH were relatively stable. The data are consistent with historical trends 

and indicate that these water quality parameters in Lake Anna and the WHTF are within the 

values to support a healthy fishery. 

Table 5 Surface water temperature (C), conductivity (uS/cm), ph (su) and dissolved oxygen (mg/L) recorded at time 
, of gill net sampling during 2014 
March May 

Station Temperature Conductivity pH Dissolved Oxygen Station Temperature Conductivity pH Dissolved Oxygen 
DIKE3 DISCHARGE LAKE 10.70 53 6.6 10.70 D1KE3 DISCHARGE LAKE 24.50 60 7.0 7.00 
LAGOON 1 WHTF 20.20 59 6.6 * LAGOON 1 WHTF 29.00 58 7.3 8.15 
LAGOON 3 WHTF 13.19 59 6.7 10.60 LAGOON 3 WHTF 27.09 57 7.4 7.90 
LEVY CREEK 9.90 52 6.5 11.00 LEVY CREEK 22.43 5, 7.1 7.30 
NORTH ANNA ARM GN 7.97 58 6.5 14.00 NORTH ANNA ARM GN 26.11 53 7.8 9.80 
THURMAN ISLAND GN 9.18 52 6.2 12.30 THURMAN ISLAND GN 27.20 60 7.3 8.44 
August November 

Station Temperature Conductivity pH Dissolved Oxygen Station Temperature Conductivity pH Dissolved Oxygen 
DIKE3 DISCHARGE LAKE 29.70 55 7.2 5.40 D1KE3 DISCHARGE LAKE 15.90 55 6.9 8.75 
LAGOON 1 WHTF 36.20 56 7.4 6.56 LAGOON 1 WHTF 23.29 54 7.0 8.71 
LAGOON 3 WHTF 32.00 54 7.1 6.70 LAGOON 3 WHTF 17.77 54 7.1 8.45 
LEVY CREEK 29.40 54 7.5 6.80 LEVY CREEK 14.60 55 6.8 9.00 
NORTH ANNA ARM GN 27.90 59 8.1 9.15 NORTH ANNA ARM GN 9.80 63 7,2 10.60 
THURMAN ISLAND GN 28.63 54 7.7 6.99 THURMAN ISLAND GN 13.75 54 6.9 9.20 

Nineteen species of fish representing seven families were collected in Lake Anna and the 

WHTF by quarterly gill netting in 2014 (Table 6). Table 7 summarizes the gill net catch data by 

species and season for all lake stations in 2014, The numerically dominant species collected in 

the lake were Gizzard Shad Dorosoma cepedianum, White Perch Morone americana, Threadfin 

Shad Dorosoma petenense, Channel Catfish Ictalurus punctatus, and Striped Bass Morone 

saxatilis. These five species represented 75% of the gill net catch by number. 
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Table 6 Fishes collected in Lake Anna and the WHTF by gill 
netting during 2014 

FAMILY SPECIES LAKE WHTF 
Catostomidae Carpiodes cyprinus X 

Catostomus commersonii X 

Moxostoma macrolepidotum X 

Centrarchidae Chaenobryttus gulosus X 

Lepomis macrochirus X 

Lepomis microlophus X X 

Micropterus salmoides X X 

Pomoxis nigromaculatus X 

Clupeidac Alosa aestivalis X 

Dorosoma cepedianum X X 

Dorosoma petenense X 

Cyprinidae Cyprinus carpio X X 

Ictaluridae Ameiurus catus X X 

Ictalurus fur catus X X 

Ictalurus punctatus X X 

Moronidae Morone americana X X 

Morone saxatilis X X 

Percidae Perca flavescens X 

Sander vitreum x canadense X X 

Table 7 Gill net summary for pooled lake stations during 2014; Number and Weight (g) 
FEBRUARY MAY AUGUST NOVEMBER TOTALS % OF T O T A L 

SPECIES NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT 

Dorosoma cepedianum 23 4587.0 12 2938.0 89 12736.0 43 2700.0 167 22961.0 18% 8% 

Morone americana 47 4275.0 29 1991.0 22 1570.0 64 1710.0 162 9546.0 17% 3% 
Dorosoma pelenense 85 724.0 66 506.0 151 1230.0 16% 0% 
Ictalurus punctatus 17 8484.0 44 11748.0 18 10446.0 35 15452.0 114 46130.0 12% 16% 

Morone saxatilis 24 27797.0 49 38275.0 12 11607.0 15 20190.0 100 97869.0 11% 34% 

Pomoxis nigromaculalus 25 2403.0 9 1043.0 54 3926.0 9 2411.0 97 9783.0 10% 3% 

Ameiurus catus 41 4795.0 20 4236.0 4 274.0 7 1224.0 72 10529.0 8% 4% 

Cyprinus carpio 6 14106.0 5 18073.0 7 20629.0 1 3421.0 19 56229.0 2% 20% 

Micropterus salmoides 4 5332.0 4 3541.0 6 2471.0 5 3035.0 19 14379.0 2% 5% 

Moxostoma macrolepidotum 1 289.0 2 1190.0 6 6104.0 9 7583.0 1% 3% 
Sander vilreum x canadense 8 8061.0 8 8061.0 1% 3% 

Lepomis microlophus 1 342.0 2 513.0 1 204.0 4 1059.0 0% 0% 

Lepomis macrochirus 1 6.0 2 11.0 3 17.0 0% . 0% 

Caiostomus commersonii 2 1670.0 2 1670.0 0% 1% 

Perca jlavescens 1 9.0 1 17.0 2 26.0 ' 0% 0% 

Chaenobryttus gulosus 1 8.0 1 8.0 . 0% 0% 

Ictalurus furcatus 1 1108.0 1 1108.0 0% 0% 

Totals 189 72,130 176 82,664 302 65,791 264 67,603 931 288,188 100% 100%, 
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The numerically dominant species collected by gill netting in the WHTF in 2014 were Channel 

Catfish, followed by Gizzard Shad, White Perch, Striped Bass and Largemouth Bass : 

Micropterus salmoides (Table 8). Together these species represented 86% of the number of fish 

collected. 

Table 8 Gill net summary for pooled WHTF stations during 2014; Number and Weight (g) 
FEBRUARY MAY AUGUST NOVEMBER TOTALS % OF TOTAL 

SPECIES NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT 
Ictalurus ptmctatiis 19 12758.0 66 21069.0 7 1247.0 13 5435.0 105 40509.0 33% 24% 
Dorosoma cepeclianum 45 17874.0 34 12929.0 9 2825.0 9 4409.0 97 38037.0 31% 22% 
Morone americana 6 1528.0 16 1005.0 I I 2234.0 33 4767.0 10% 3% 
Morone saxatilis 20 23728,0 1 781.0 1 • 885.0 22 25394,0 7% 15% 
Microplertis salmoides 3 1459.0 3 1211.0 5 1001.0 5 3551.0 16 7222.0 5% 4% 
Cyprinus carpio 4 8757.0 9 26097.0 2 5090.0 15 39944.0 5% 23% 
Ameiurus cams • 2 270.0 9 1289.0 2 331.0 13 1890.0 • 4% 1% 
Lepomis microlophus 3 400.0 1 148.0 5 642.0 1 172.0 10 1362.0 3% 1% 
Alosa aestivalis 2 29.0 1 3 29.0 1% 0% 
Carpiodes cyprinus 1 2001.0 1 2001.0 0% 1% 
Ictalurus furcams 1 8845.0 1 8845.0 0% 5% 
Sander vitreum x canadense 1 . 860.0 1 860.0 0% 1% 
Totals 104 66803 139 64529 26 5715 48 33813 317 170,860 100% 100% 

The 2014 CPUE (#/net night) for the top 5 gill net species for the lake and WHTF were 

compared to their 1981-2013 historical averages and are presented in Table 9. 

Table 9 CPUE for the top 5 species, 1981-2013 averages and p-values (1 sample T-test; 95%CI) for gill 
netting samples in the Lake and WHTF 

Lake 

2014 81-T3 Average 

Species CPUE-N CPUE-N CPUE N fp-valuel 
Dorosoma cepedianum 10.44 10.16 0.353 
Morone americana 10.13 4.91 0.000 
Dorosoma petenense 9.44 3.28 0.000 
Ictalurus punctatus 7.13 3.87 0.000 
Morone saxatilis 6.25 3.06 0.000 

WHTF 

2014 81-13 Average 

Species CPUE-N CPUE-N CPUE N (D-valuel 
Ictalurus punctatus 13.13 10.39 0.001 
Dorosoma cepedianum 12.13 9.03 0.001 
Morone americana 4.13 3.77 0.198 
Morone saxatilis 2.75 1.07 1.000 
Micropterus salmoides 2.00 4.08 0.000 

In the lake, White Perch, Threadfin Shad, Channel Catfish and Striped Bass had a CPUE 

that was significantly higher than the 1981-2013 average. Gizzard Shad CPUE for 2014 was 



higher than the historical average hnt the difference was not significant. 

In the WlTfE, Channel Catfishs 

significantly higher than the historical average. Striped Bass CPUE was higher than the historical 

average hnt the difference was not significant. Eargemonth Bass hadaCPUE that was 

significantly lower than the historical average. The CPUE lor the 2014nnmerically dominant 

gill net species in the lake and WHTE are displayed graphically fi^ 

Eignre7. 

Figure 6 CPUE for the 2014 numerically dominant gill net species for the lake 
1981-2014 

—-White Perch "Channel Catfish • Striped Bass 
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Year 

Thread fin Shad • Gizzard Shad 

Year 
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Figure 7 CPUE for the 2014 numerically dominant gill net species for the WHTF 
1981-2014 

-'"'"-White Perch ——ChannelCatfish Striped Bass 

25 -i : : 

20 

Year 

Over the last 33 years, Striped Bass and Channel Catfish catch rates have been slowly 

increasing in the lake. White Perch catch rates were declining from 1981-1994 but have been 

increasing ever since (Figure 6). Striped Bass recruitment is driven by the DGIF stocking 

program while White Perch and Channel Catfish reproduce naturally in the lake. 

Threadfin Shad and Gizzard Shad catches at the lake stations show high annual 

variability, yet have a consistent presence in lake gill net samples (Figure 7). Shad are pelagic 

25 



(open water) schooling species. Earge schools ofshad can inllate the GPUE causing large 

fluctuations in catches among years. In the WHTF,Ghannel Catfish have shownahighly 

variable catch rate over time. White Perch and Striped Bass catches appear to he slowly 

increasing over the last few years (Figured). Gizzard Shad gill net catch rates in the WHTF are 

highly variable, as in the lake, and appear to be slowly increasing over time (Figured). 

Largemouth Bass have shownaconsistent presence inWHTF gill net samples and catch rates in 

the WHTF show some variability with an average catch rate of^f ish per net night. 

ChannelCatfish, Striped Bass,White Perch, TargemouthBass,Threadfin Shad and 

Gizzard Shad have commonly ranked high in the gill net catches in the lake and WHTF. Their 

consistent presences in the gillnet samples indicateastable species composition in the lake and 

WHTF 

^ ^ ^ ^ o ^ ^ i ^ ^ ^ t ^ ^ ^ ^ o ^ ^ i ^ 

methods 

Boat electrofishing was used in 2014to evaluate the assemblage and abundance of fish 

populations which normally occupy the shoreline habitat. Sampling was conducted in February, 

^Vlay,̂ .ugust, and November at each station (Figure 8). Each station islOO meters in length and 

is sampled by electrofishing lor approximatelylOminutes.Sampling stations normally includea 

brush pile exceptor the dike stations which are comprised of unilorm rip-rap. It has been 

observed that the brush piles have degraded at some ofthe electrofishing stations including 

EagoonlCove,l^orth^nnaA.rm and EowerEake Cove.The reduction ofbrush piles has altered 

the habitat available I r t i s h which may affect electrofishing results. Standard physicochemical 
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measurements of surface water temperature (°C), dissolved oxygen (mg/1), pH and conductivity 

(umbos) were recorded at the time of each sample collection. 

in the field, i.e., larger game fish were measured, weighed, and released in the field. In the 

laboratory, fish were sorted by species and up to 25 individuals per species from each station 

were measured for total length (mm) and weighed (g). The remaining fish (per species) were 

enumerated and bulk weighed. CPUE was calculated as the number of fish collected per hour of 

electro fishing. CPUE for 2014 was compared to historical averages of CPUE using a one sample 

t-test with a 95% CI. 

All fish collected were either returned to the laboratory for processing or released 

Figure 8 Locations of electrofishing stations on Lake Anna and WHTF 

^ 

^ ftanh Anna Pcwe* Siawm 

'Ansic HcW TrcDtmpni Fao'ity-

Z,** Lake i w a 

ISortb Ann a Arm 

27 



Results and Discussion 

Physicochemicalrneasurements recorded at each station during electrolishing 

surveys are presented inTahlelO. Seasonal changes in water temperatures and dissolved 

oxygen were noticeable and expected while conductivity and pH remained relatively stahle. 

data are consistent with historical trends and indicate that these water quality parameters inE 

Anna and theWHTF are within the values to supportahealthy fishery. 

Table 10 Surface water temperature (C), conductivity (uS/cm), pH (su) and 
dissolved oxygen (mg/1) recorded at time of electrofishing sampling during 
2014. * denotes missing data 
March 

Electrofishing Stations 
DIKE 1 LAKE 

Temperature Conductivity pH Dissolved Oxygen 
10.70 53 6.6 12.2 

DIKE 3 LAKE 10.35 53 6.6 11.1 
LAGOON 1 WHTF COVE 19.00 59 6.6 * 
LAGOON 1 WHTF DIKE 20.10 60 6.7 * 
LAGOON 3 WHTF COVE 13.10 59 6.7 * 
LAGOON 3 WHTF DIKE 12.77 58 6.7 10.6 
LOWER LAKE COVE 11.20 52 6.5 11.2 
NORTH ANNA ARM EF 10.60 59 6.7 14.0 
THURMAN ISLAND EF 9.40 52 6.5 12.3 

May 
Electrofishing Stations 
DIKE 1 LAKE 

Temperature Conductivity pH Dissolved Oxygen 
25.74 60 7.2 8.5 

DIKE 3 LAKE 24.10 60 7.0 7.2 
LAGOON 1 WHTF COVE 29.80 58 7.4 8.4 
LAGOON 1 WHTF DIKE 29.40 60 7.2 8.0 
LAGOON 3 WHTF COVE 26.20 59 7.2 7.6 
LAGOON 3 WHTF DIKE 26.00 59 7.3 7.6 
LOWER LAKE COVE 22.70 58 7.1 7.7 
NORTH ANNA ARM EF 28.70 51 7.8 9.7 
THURMAN ISLAND EF 28.70 51 7.8 9.7 

August 
Electrofishing Stations 
DIKE 1 LAKE 

Temperature Conductivity pH Dissolved Oxygen 
28.60 55 7.5 7.0 

DIKE 3 LAKE 29.80 55 7.0 5.5 
LAGOON 1 WHTF COVE 35.38 55 7.3 7.3 
LAGOON 1 WHTF DIKE 36.20 55 7.2 6.6 
LAGOON 3 WHTF COVE 31.80 54 7.2 7.6 
LAGOON 3 WHTF DIKE 31.80 54 7.3 7.2 

LOWER LAKE COVE 30.30 54 7.5 7.8 
NORTH ANNA ARM EF 27.30 59 7.4 8.5 
THURMAN ISLAND EF 29.00 54 7.8 7.8 

November 

Electrofishing Stations 
DIKE 1 LAKE 

Temperature Conductivity pH Dissolved Oxygen 
12.60 55 6.4 9.5 

DIKE 3 LAKE 14.80 55 6.8 9.0 
LAGOON 1 WHTF COVE 21.22 56 6.9 8.8 
LAGOON 1 WHTF DIKE 22.83 56 6.9 8.9 
LAGOON 3 WHTF COVE 16.40 55 7.0 8.7 
LAGOON 3 WHTF DIKE 16.68 55 7.0 8.7 
LOWER LAKE COVE 14.50 55 6.9 9.5 
NORTH ANNA ARM EF 8.90 63 7.0 10.5 
THURMAN ISLAND EF 11.99 54 6.8 9.4 



Twenty-three species of fish representing 5 families were collected by 

electrofishing in the lake and WHTF in 2014 (Table 11). 

Table 11 Fishes collected in Lake Anna and the WHTF by electrofishing during 2014 

FAMILY SPECIES LAKE WHTF 
Centrarchidae Chaenobryttus gulosus X X 

Lepomis auritus X X 

Lepomis cyanellus X X 

Lepomis gibbosus X 

Lepomis macrochirus X X 

Lepomis microlophus X X 

Micropterus salmoides X X 

Pomoxis nigromaculatus X 

Clupeidae Alosa aestivalis X 

Dorosoma cepedianum X X 

Dorosoma petenense X 

Cyprinidae Cyprinus carpio X 

Notemigonus crysoleucas X 

Notropis rubellus X 

Fundulus diaphanus X 

Ictaluridae Ameiurus catus X X 

Ameiurus natalis X X 

Ameiurus nebulosus X X 

Ictalurus punctatus X X 

Moronidae Morone americana X 

Morone saxatilis X 

Etheostoma olmstedi X 

Perca flavescens X 

Table 12 presents the electrofishing catch data by species and season at lake 

stations in 2014. The numerically dominant species collected in the lake were Bluegill Lepom 

macrochirus, Threadfin Shad, Green Sunfish Lepomis cyanellus, Redear Sunfish Lepomis 



microlophus and Redbreast Sunfish Lepomis auritus. These 5 species represented 90% of the 

electrofishing catch by number. 

Table 12 Electrofishing summary for pooled lake stations during 2014; Number and Weight (g) 
FEBRUARY MAY AUGUST NOVEMBER TOTALS % OF TOTAL 

SPECIES NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT 

Lepomis macrochirus 698 9620.5 171 2134.9 163 1698.3 1153 16278.5 2185 29732 68% 44% 

Dorosoma pelenense 49 201.2 265 943.0 314 1144 10% 2% 

Lepomis cyanellus 67 668.1 19 358.4 19 292.0 74 1075.0 179 2394 6% 4% 

Lepomis microlophus 44 885.4 8 283.2 10 232.1 45 713.0 107 2114 3% 3% 

Lepomis auritus 53 1865.4 2 37.7 11 222.0 34 1701.0 100 3826 3% 6% 

Micropterus salmoides 20 6027.1 16 5348.3 21 323.4 33 5941.0 90 17640 3% 26% 

Chaenobryllus gulosus 17 628.6 3 102.7 7 179.8 59 1709.0 66 2620 3% 4% 

Dorosoma cepedianum 42 487.6 6 1682.0 2 255.0 50 2425 2% 4% 

Perca Jla\'escens 5 42.5 7 109.1 23 608 35 760 1% 1% 

Morone americana 6 315 1 126 21 289.0 5.0 188.0 33 918 1% 1% 

Pomoxis nigromaculatus 7 1506 3 455 10 1961 0% 3% 

Alosa aestivalis 7 33.0 7 33 0% 0% 

Ictalurus punctatus 2 359.7 4 43.6 6 403 0% 1% 

Ameiurus catus 4 132.5 4 133 0% 0% 

Lepomis gibbosus 4 133.0 4 133 0% 0% 

Ameiurus natalis 1 59.2 2 201.0 3 260 0% 0% 

Fundtilus diaphanus 3 5.5 3 6 0% 0% 

Nolropis rubellus 3 8.8 3 9 0% 0% 

Ameiurus nebulosus 1 279.0 1 279 0% 0% 

Etheosloma olmstedi 1 1.0 1 1 0% 0% 

Morone saxatilis 1.0 570.0 1 570 0% 1% 

Notemigonus crysoleucas 1 3.2 1 3 0% 0% 

Totals 952 20,566 241 12,260 324 4,442 1,706 30,095 3,223 67,362 100% 100% 

The 2013 CPUE for the numerically dominant electrofishing species for the lake and 

WHTF were compared to their 1981-2013 historical averages in Table 13. 

Table 13 CPUE (#/hr) for the top 5 species, 1981-2013 averages and p-values (1 sample T-test; 
95% CI) for electrofishing samples in the Lake and WHTF 

Lake 
2014 81-'13 Average 

Species CPUE-N CPUE-N CPUE N (p-value) 
Lepomis macrochirus 654.08 651.37 0.944 
Dorosoma petenense 94.00 3.56 0.000 
Lepomis cyanellus* 53.58 21.64 0.000 

Lepomis microlophus 32.03 30.24 0.502 

Lepomis auritus 29.94 38.10 0.024 

WHTF 
2014 81-13 Average 

Species CPUE-N CPUE-N CPUE N (o-value) 

Lepomis macrochirus 331.29 305.64 0.385 

Lepomis cyanellus* 59.21 25.79 0.000 

Lepomis microlophus 29.98 18.59 0.000 

Micropterus salmoides 25.48 20.58 0.020 

Ictalurus punctatus 4.87 1.59 0.000 

* LeDomis cyanellus first appeared in samples in 1997 in the WHTF and 1998 in the lake 
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In the lake, Threadfin Shad and Green Sunfish had a 2014 CPUE that was significantly 

higher than the 1981-2013 average and Redbreast Sunfish's CPUE was significantly lower than 

the historical average. The differences between Bluegill and Redear Sunfish and their historical 

averages were not significant. In the WHTF, Green Sunfish, Redear Sunfish, Largemouth Bass 

and Channel Catfish had a CPUE that was significantly higher than the 1981-2013 average and 

Bluegill had a catch rate that was not significantly different than the historical average. The 

CPUE for the 2014 numerically dominant electrofishing species in the lake and WHTF are 

displayed graphically from 1981-2013 in Figure 9 and Figure 10. 

Figure 9 CPUE (#/hr) for the 2014 numerically dominant electrofishing species for 
the lake 1981-2013 
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In the lake, annual electrofishing CPUE l^r Bluegill and Redbreast has been on an 

increasing trend since its low in!983(429.25 and 6.32). Green Sunfish CPUE has also been on 

an increasing trend since its introduction in the lake, 1998, but it has recently appeared to be 

stabilizing around the historical averageot53.6 fish per hour. Redear Sunfishhave consistently 

been seen in lake electrofishing samples whileThreadfinShad'spresence in the samples has 

been more inconsistent. Redear Sunfish isashoreline species and would be expected to be 

collected by electrofishing. Threadfin Shad are an open water (pelagic)fish which is less 

fiequently seen in shallowwater where our electrofishing samples are conducted. Periodically, 

large schools ot shad are encountered and collected which infiates the catch rate which occurred 

in2013aswellas2014. 

Figure 10 CPUE (#/hr) for the 2014 numerically dominant electrofishing species for 
the WHTF 1981-2014 
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Largemouth Bass CFUB in thewHTF has remained fairly stable with little 

variation among years. Green Sunfish and Bluegill catches in theWFlTF have been onadecline 

since they reachedahighofl82 and 739 fish per hour in 2006. Redear Sunfish CFLB in the 

WHTF has also been decreasing in the WHTF since 2008 where CPUL peaked at 76 fish per 

hour, but seem to be stabilizing at about 20-30 fish per hour witha2014catch rate of29.9 fish 

per hour andafiveyearaverageof25.8 fish per hour. Channel Catfish have been collected 

l^irly consistently inWHTF electrofishing samples at very low catch rates but higher numbers 

are tbund in the gill net collections. This is because Channel Catfish are more susceptible to gill 

nets than electrofishing due to their tendency to inhabit deeper water. Although sunfish CBHE 

numbers have been decreasing in the last lew years, they still remain the dominate species group 

in theWHTF electrofishing catches. 

Biological systems are highly complex and are influenced by many environmental 

factors. It is difficult to determine exact causes ofchanges seen in sampling results especially 

since there are so many natural shifis in reproduction, growth, survival and distributions of 

aquatic organisms. Overall,electrofishing results in 2014continue to showabalanced, 

indigenous fish community in the lake and WHTF and physicochemical parameters within the 

ranges to supportahealthy fishery. 

4^ l^orthAnna^lver 

4 f Temperature 

^etnods 

Water temperatures (^C) were recorded hourly at station ^ A R - l i n the lower 

l^orthAnnaRiver during 2014(Figurell)usingaSolinstLevelogger^0.1^C) temperature 

recorder. Station l^AR-lis located approximately one kilometer belowthe Lake Anna dam. 
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Figure 11 Location of North Anna River temperature monitoring station 

Results and Discussion 

Temperature data from the North Anna River is summarized in Table 14. The 

maximum recorded temperature in 2014 was 31.9°C in July. The maximum mean monthly 

temperature was 29.TC in July. Winter water temperatures at NAR-1 recorded in 2014 had a 

minimum monthly mean of 7.3°C recorded in February and a minimum hourly temperature of 

5.5 ° C recorded in January. 

Table 14 Mean, maximum and minimum hourly water temperatures (C) recorded in the 
North Anna River, at station NAR-1 by month during 2014. Sample size (n) 
equals the number of hourly observations recorded each month. _ 

." . .~ Month " . Mean MAX MIN N= 
January 8.1 10.9 5.5 743 
February 7.3 9.4 5.7 672 
March 9.6 11.6 7.4 744 
Apnl 15.3 18.9 11.3 719 
May 21.6 26.6 16.0 744 
June 27.5 31.1 23.5 720 
July 29.1 31.9 25.5 . -. 744 
August 28.4 30.9 26.3 744 
September 25.9 30.8 21.8 720 
October 21.1 248 • 17.8 .744 
November . 14.8 18.9 . 113 720 
December 10.8 13.9 8.9 ' " 743 
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4.2 Fish Population Studies-Electrofishing 

Methods 

Abundance and species composition data for the North Anna River fish 

assemblage in 2014 were collected during electrofishing surveys. Consistent sampling 

techniques have been used in all North Anna River electrofishing surveys. 

The locations ofthe four electrofishing stations are shown in Figure 12: NAR-1 

(Route 601 Louisa Bridge); NAR-2 (Route 658 Bridge); NAR-4 (Route 601 Hanover Bridge); 

and NAR-6 (U.S Route 1 Bridge). An approximately 70 meter reach of riffle/run type habitat is 

sampled at each station with an electric seine. Prior to sampling, each reach is blocked at the 

downstream end with a 6.5-mm mesh net. Sampling is conducted by working the electric seine 

from bank to bank in a zigzag pattern from the upstream to the downstream end of the section. 

Nearby pool type habitats are then sampled for 10 minutes of effort with a backpack 

electrofisher. Fish sampled by electric seine and backpack electrofisher are collected using 6.5-

mm mesh dip nets. 

Figure 12 North Anna River Electrofishing Stations 



Most fish collected are preserved inlo^tbrmalin and transported to the 

laboratoryB^r further processing. Some larger fish are weighed and measured in the field and 

released. In the laboratory,amaximumofl5individual specimens of each species is weighed 

(g) and measured (mm-TE). I f more thanl^specimensofaspecies are collected,those in 

excess ofl^are counted and weighed in bulk. Electric seine and backpack electrofisher 

collections were then pooled by station and survey month lor analyses. Analysis was also 

performed by using the average number of fish caught by gear and survey(CPUE). CPUE lor 

2014was compared to the historical means usingalsamplet-testwitha95^ CI. 

Sample fiequency for electrofishing is typically once per month each year in May,July 

and September. Consequently,this provides l^ratotalof24river electrofishing collections fbra 

typical sample year (May,fuly and September; 12electric seine and 12backpack). The May 

electrofishing samples were not conducted in 2014due to rainfall, high water and unsafe river 

conditions. 

R^ul t^andDl^cu^on 

Twenty-two species of fish representing eight families were collected by electrofishing in 

the North Anna River in 2014(Tablel5). Elistorically,(1990-2012), species richness in the 

North Anna River has remained high withameanof25.5 species.Species richness was highest 

at Station NAR-2andNAR-4 in 2014,withl7species collected at each station. Species richness 

at the other two stations ranged from 12 tol^species per station. 
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Table 15 Fishes collected from the North Anna River during 2014 electrofishing 
surveys 

Family Species NAR-1 NAR-2 NAR-4 NAR 
Achiridae Trinectes maculatus X 

Anguillidae Anguilla rostral a X X X X 

Catostomidae Hypentelium nigricans X X 

Centrarchidae Lepomis auritus x X X X 

Lepomis macrochirus X X 

Micropterus dolomieu X 

Micropterus salmoides X X 

Cyprinidae Cyprinella analostana X X X X 

Lythrurus ardens X X X X 

Nocomis micropogon X X X 

Notropis amoenus X X X X 

Notropis hudsonius X X 

Notropis procne X X X 

Notropis rubellus X X X X 

Semotilus corporalis X X 

Ictaluridae Ictalurus punctat us X 

Noturus^insignis X X X X 

Percidae Etheostoma olmstedi X X X X 

Percina notogramma X X 

Percina peltata X X X X 

Petromyzontidae Lethenteron appendix X X 

Petromyzon marinus X X 

In 2014, a total of 1,731 fish weighing 12,732.2 g were collected by electrofishing in the 

North Anna River (Table 16). The total number of fish collected was highest at station NAR-1 

and lowest at Station NAR-6. 
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Table 16 Number and weight (g) of fishes collected during July and October. 2014 electrofishing 
surveys of the North Anna River 

NAR-1 NAR-2 NAR-4 NAR-6 Total 
Family Species Number Weight Number Weight Number Weight Number Weight Number Weight 
Anguiffidae Anguilla rostrata 213 2792.8 25 946.7 58 941.4 8 66.4 304 4747.3 
Cyprinidae Cyprinella analostana 37 155.6 61 215.1 92 360.2 17 55.2 207 786.1 

Lythrurus ardens 149 426.4 •70 126.6 18 57.6 35 48.7 272 659.3 
Nocomis micropogon 1 2.5 40 395.1 1 2.5 42 400.1 
Notropis amoenus 60 215.4 32 90.0 3 12.9 4 9.5 99 327.8 
Notropis hudsonius 8 54.4 1 2.8 9 57.2 
Notropis procne 2 3.6 105 142.7 8 13.2 115 159.5 
Notropis rubellus 30 113.3 44 147.3 25 48.2 7 10.2 106 319.0 
Semotius corporalis 4 115.0 8 92.9 12 207.9 

Percidae Etheostoma olmstedi 8 9.8 6 3.9 5 9.4 12 10.2 31 33.3 
Percina notogramma 2 2.8 1 4.1 3 6.9 
Percina peltata 82 200.3 37 64.7 20 59.3 10 24.5 149 348.8 

Catostomidae Hypentelium nigricans 24 590.7 10 236.7 34 827.4 
Ictaluridae Ictalurus punctatus 2 5.1 2 5.1 

Noturus ins ignis 60 335.3 18 36.1 55 173.9 12 56.4 145 601.7 
Centrarchidae Lepomis auritus 38 428.4 62. 996.1 42 888.2 28 266.9 170 2579.6 

Lepomis macrochirus 2 7.7 2 7.5 4 15.2 
Micropterus dolomieu 2 187.0 2 187.0 
Micropterus salmoides 2 8.6 3 367.0 5 375.6 

Petromyzontidae Lethenteron appendix 2 7.5 8 36.3 10 43.8 
Petromyzon marinus 1 4.7 8 34.1 9 38.8 

Achiridae Trinectes maculatus 1 4.8 1 4.8 
Total 689 4,743.9 497 3,859.4 390 3,490.6 155 638.3 1,731 12,732.2 

Since surveys and/or samples can be missed due to high flows, comparison of total fish 

numbers among surveys and years can be misleading. Therefore, a method to calculate the 

average number of fish caught per sampling station was developed and shows gear type, survey 

and year to represent a catch per unit effort (CPUE) to better compare fish numbers over time 

(Figure 13). 

Figure 13 Average numbers of fish caught per station by survey, gear type and year 1990-
2014 
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The minimum, maxim 

for years 1990-2013 are compared to CPUE 

17.The mean CPUE per survey in 2014was compared to the respectivel990-2013meanrrsinga 

one-sample t-testwitha95^o confidence interval. The CPUE lor the electric seine on surveys2 

and3in2014were 233.5 and!64 respectively. CPUE lor hoth electric seine surveys in 2014 

were significantly higher than the historical means with p-values ^0.05 lor each survey. 

The CPUE lor the backpack on surveys2and3in2014were!4.3 and21.8 respectively. 

CPUE lor both backpack surveys in 2014were significantly lower than the historical means with 

pvalues^0.05. 

Electrofishing CPUE in the North Anna River is highly variable as can be seen Irorn the 

large range of minimum and maximum CPUEsinTablel7. Although 2014electrofishing 

CPUE was higher on some surveys and lower on others; species richness has remained high in 

the North Anna River samples. 

Table 17 Fish CPUE Summary on the North Anna River 1990-2014 
Electric Seine 

Survey Min 1990-2013 Max 1990-2013 Mean 1990-2013 CPUE 2014 T test p-value 

1 27.8 468.5 142.0 N/A 

2 26.8 321.3 90.4 233.5 0.000 

3 35.0 370.0 112.3 164.0 0.006 

Backpack 

Survey Min 1990-2013 Max 1990-2013 Mean 1990-2013 CPUE 2014 T test p-value 

1 8.5 79.8 31.7 N/A 

2 15.0 57.8 30.1 14.3 0.000 

3 13.3 60.5 32.9 21.8 0.001 

4.3 Smallmouth Bass 

The DEQ approved monitoring plan for Lake Anna, WHTF and the lower North 

Anna River included a Smallmouth Bass Micropterus dolomieu study to assess the potential 
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effects ofwater temperature and river discharge on spawning success ofsmallmouth Bass in the 

North Anna River helowthe dam. In order to ohtainahetter understanding ofSmallmouth Bass 

spawning success in the river in relation to physical variahles^temperature and discharge), an 

attempt to collectaminimum of 50 young-of-year(^C^) was made in 2014.Otoliths fiom 

collected fish were examined hythe^irginiaC^ 

EnvironmentalStudies to determine daily ages.In addition to the^C^sampling,afall 

Smallmouth Bass survey was conducted to investigate and quantify the relative abundance of all 

sî e classes ofSmallmouth Bass. 

Methods 

Summer Smallmouth Bass^C^collectionsandafall Smallmouth Bass population 

sample were collected in 2014hy electrofishing. Smallmouth Bass^C^ were collected in the 

vicinity ofNAR-4usinga^odiac electrofisher outfitted withaSmith-RootType^l-A control 

hox,a5000Wflonda generator and two handheld anodes. Smallmouth Bass ofallsi^es were 

collected lor the population survey atasequence of five pools in the vicinity ofNAR-5,where 

the power lines cross the North Anna River in Noel, ^ A . These pools were consecutively 

sampled on!0^1^2014using zodiac hoat electrofishing withasinglehoom umbrella array 

(Eigurel3). Electrofishing was conducted in an upstream to downstream direction using pulsed 

DC Sampling eflbrt was measured hy the amount oftime that the electrofishing unit was 

energised and delivering current to the water. Bass were collected, measured lor total length and 

released except l^r^C^bass.^O^bass collected fiom^C^sampling as well as thefall 

population sample were retained, fio^en and sent to^CU lor identification and aging. 
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Back-calculation of spawning dates involved subtraction of the numhcr of days required 

from spawning to swim-up(carly stage of swimming up l^rl^odaficr absorption of egg or yolk 

sac is complete), days required from hatching to swim-up, and daily age Irom the Julian date of 

collection. River water temperature data Irom the NARl^B601^AR-lcontinuous temperature 

logger were used l^r calculation ofdays required from hatching to swim-up. Rivcrwatcr 

temperatures collected at NAR-lwcrc also used along with river discharge data, collected from 

the United States Geological Survey (USGS) gauging station01670400 near to 

assess the potential effects of water temperature and river discharge on spawning success and 

spawning duration in the North Anna Rivcr.Thc accumulation ofheating degree days^degrec 

days)grcatcrthanlO^G was examined in relation to the beginning of the Smallmouth Bass 

spawning season, 20082014. The accumulation of degree days grcatcrthanlO^G was 

calculated Irom mean daily water temperatures and defined as the sum of the number of degree 

daysgreater thanlO^Gf^r all days previous to and including any particular day from 4̂ 1 to 6̂ 30 



of any given year (Graham and Orth 1986). An example of how degree days were calculated is 

presented in Table 18. 

Table 18 Example of Heating Degree Day Calculation 

Daily Ave rage 
Date Water Temperature Degree Days 

Accumulated Degree 
Days 

February 1.2008 8.30 0.00 0.00 
February 2.2008 8.93 0.00 0.00 
February 3:2008 9.49 0.00 0.00 
February 4.2008 10.08 0.08 0.08 
February 5.2008 10.85 0.85 0.93 
February 6.2008 11.69 1.69 2.62 

Results and Discussion 

Five Smallmouth Bass electrofishing surveys were conducted in 2014 during the months 

of July, August and October. Water temperature (°C) and dissolved oxygen (mg/L) from those 

surveys are presented in Table 19. 

Table 19 Temperature and Dissolved Oxygen measurements recorded at time of 
Smallmouth Bass sampling at NAR-4 and NAR-5, North Anna River, 2014 

Suvey Date Water Temperture Dissolved Oxygen 

YOY Collection 7/10/2014 27.20 7.80 

YOY Collection 7/31/2014 22.01 8.50 
YOY Collection 8/15/2014 22.70 7.50 

YOY Collection 8/29/2014 23.14 7.62 
Population Survey 10/16/2014 18.90 8.65 

Smallmouth Bass spawning habitat on the North Anna River tends to be in areas 

with low water velocities up to 0.2 m/s and water depths in the range of 0.44 to 1.76 m (Lucas 

1993). These conditions are usually found in pools and backwater areas which allow the male 

Smallmouth Bass to construct a depression or nest in the substrate where a female will deposit 

her eggs to be fertilized by the male. After fertilization, eggs hatch in approximately two days 

and swim-up usually occurs in one to two weeks. Mortality of YOY from predation is highest 



after swim-up when they ftrst start actively feeding and have limited escape abilities (Lringali 

2015). Disturbances to the nest, including high ftows and predation, during this time will affect 
^ 

YOYSmallmouth Bass survival. 

Figurel5displays spawn dates forYOYSmallmouth Bass, accumulateddegree 

days and river ftow for years whenYOYSmallmouth Bass were collected. NoYDY were 

collected in 2009 due to multiple high flow events. River flows during the spawning season are 

variable and are highly dependent on spring rains and storms. Seventy-eight percent (78^)of 

theYOYthat were collected in 2014were spawned when river flows were less than or equal to 

400 els. It has been suggested that flows less thanlOm^s (353 cls)do not limit spawning 

habitat for smallmouth in the North Anna River (Lucas, 1993). Smallmouth Bass malesoften 

build nests near rocky or woody cover which tends to protect the nest and limit disturbances 

from waves, flow and reduces access by predators (Lringali 2015). Specific Smallmouth Bass 

nest locations may explain why someYOYmay be able to survive periodic peaks in flow during 

the spawning season and others not. 

Smallmouth Bass spawning is known to begin ^when water temperatures exceed 

15^0 and degree-days greaterthanl0^exceed 350^(Tringali 2015). OntheNorthAnna 

River, the data shows spawning also beginning in each year when water temperatures exceed 

15̂ C but four out of six years showed spawning occurring with degree-days less than350 

(Figurel5) with an overall average of283.2 degree-days. Since Smallmouth Bass are known to 

inhabit both lakes and streams and have northern and southern populations, the 350 degree days 

is general to the species and may not represent specific populations. 
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Table 20 Accumulated degree-days on the day of first 
spawn 2008-2014 *No YOY data due to high 
river flows 

Year Deg. Days Start 

2008 427.2 
2009 * 

2010 108.5 
2011 268.2 
2012 466.8 
2013 183.1 
2014 245.4 



In addition to the YOY analysis, data for adult and juvenile Smallmouth Bass 

caught on 10/16/2014 during the fall population sample at NAR-5 were analyzed. In 2014, 48 

bass were collected at a rate of 25.4 fish per hour of electrofishing. Figure 16 displays the fish 

collected in 2014 by 50 mm length classes. When plotted the Smallmouth Bass lengths were 

normally distributed. CPUE (#/hr:) for each length class is presented in Table 21. 

Figure 16 Length frequency distribution (50mm intervals) of Smallmouth Bass 
collected at NAR-5 on 10/16/14 
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Table 21 CPUE (#/hr) of Smallmouth Bass per size class 
collected at NAR-5 on 10/16/14 

Length Class (mm) # CPUE (#/hr) 
25-75 1 0.5 
75-125 14 7.4 
125-175 0 0.0 
175-225 6 3.2 
225-275 18 9.5 
275-325 5 2.6 
325-375 2 1.1 
375-425 1 0.5 
525-575 1 0.5 
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Fifty percent(50^)of the bass tell into the!75-225 and the 225-275mm length 

classes withacombined catch rateof!2.7ftsh per hour. YOYSmallmouth Bass fell into the 25-

75 and 75-125 length classes and hadacombined catch rate of7.9 lish per hour. Smallmouth 

Bass in the 125-175 length class is missing ftom the catch in 2014. This missing group is 

comprised of age-lbass. This year class was would have also been represented by theYOY 

catch in 2013 which was much lower than 2014(7.4) with 2.llish per hour.This demonstrates 

the effectiveness of the population surveys to providearelative abundance ofthe diflerent size 

classes ofSmallmouthBass year to year. Boat electrolishing surveys will be continued to 

provide annual catch rates to gage year class strength. Asthedatasetincreases^we should begin 

to identify what actors may be afl^cting the spawn and recruitment ofSmallmouth Bass in the 

North Anna River. 
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